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DEVICES AND METHODS FOR FORMING MAGNETIC 
ANASTOMOSES AND PORTS IN VESSELS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The present application is a continuation-in-part of application serial 
no. 09/638,805, filed August 12, 2000 (atty. docket no. 015), which is a continuation-in-part 
of application serial no. 09/562,599, filed April 29, 2000 (atty. docket no. 018). This 
application also claims priority from provisional application serial no. 60/255,635, filed 
December 13, 2000 (atty. docket no. 019), and application serial no. 09/851,400, filed May 7, 
2001 (atty. docket no. 020). The entire disclosure of each of the above-referenced patent 
applications is expressly incorporated herein' by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to forming anastomoses between hollow anatomical 
bodies and also forming ports that pass into the interior or lumen of hollow bodies. More 
particularly, the invention relates to using magnetic force to form anastomoses and creating 
magnetic ports in vessels. 

Description of Related Art 

Despite the considerable advances that have been realized in cardiology and 
cardiovascular surgery, heart disease remains the leading cause of death throughout much of 
the world. Coronary artery disease, or arteriosclerosis, is the single leading cause of death in 
the United States today. As a result, those in the cardiovascular field continue to search, with 
varying degrees of success, for new and improved manners of treating cardiovascular disease. 

Coronary artery disease is currently treated by interventional procedures such 
as percutaneous transluminal coronary angioplasty (PTCA), coronary stenting and 
atherectomy, as well as surgical procedures including coronary artery bypass grafting 
(CABG). The goal of these procedures is to reestablish or improve blood flow through 
occluded (or partially occluded) coronary arteries, and is accomplished, for example, by 
enlarging the blood flow lumen of the artery or forming a bypass that allows blood to 
circumvent the occlusion. What procedure(s) is used typically depends on the severity and 
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SUMMARY OF THE INVENTION 
According to one embodiment, a method for securing a magnetic anastomotic 
component to a hollow body is provided and includes steps of providing an anastomotic 
component capable of producing or being attracted by a magnetic field, the component having 

5 an opening, positioning a placement member in a first configuration within a lumen of a 
hollow body at a selected location, the placement member being capable of producing or 
being attracted by a magnetic field, and using magnetic attraction between the anastomotic 
component and the placement member to position the component at a selected location. The 
anastomotic component is secured to the hollow body, the placement member is changed 

10 from the first configuration to a second configuration and then removed from the lumen of the 
hollow body. 

According to another embodiment, a method for securing a magnetic 
anastomotic to a blood vessel having a lumen includes steps of placing an anastomotic 
component having an opening adjacent a blood vessel having a lumen, the anastomotic 

15 component capable of producing or being attracted by a magnetic field, providing a plurality 
of separate attachment members each of which is configured to be engaged with the 
anastomotic component, and securing the anastomotic component to the blood, vessel by 
using the separate attachment members. 

According to another embodiment, a method for adhesively securing a 

20 magnetic anastomotic component to an end of a hollow body having a lumen is provided. • 
This method includes steps of providing an anastomotic component capable of producing or 
being attracted by a magnetic field, the component having an opening adapted to be placed in 
communication with a lumen of a hollow body, applying adhesive to at least one of the 
anastomotic component and the hollow body adjacent an end of the hollow body, and using 

25 the adhesive to secure the anastomotic component to the hollow body adjacent the end of the 
hollow body. 

According to yet another embodiment, a method for securing a magnetic 
anastomotic component to an end of a hollow body having a lumen is provided and includes 
steps of providing an anastomotic component including first and second portions, at least one 
30 of the first and second portions being capable of producing or being attracted by a magnetic 
field, positioning the first portion of the anastomotic component within a lumen of a hollow 
body, positioning the second portion of the anastomotic.component at least partially around 
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includes an expandable structure with a substantially fluid-impervious surface and material 
capable of producing or being attracted by a magnetic field. The expandable structure may be 
magnetically attached to a magnetic or ferromagnetic anastomotic component secured to a 
hollow body by placing the fluid-impervious surface over the component to block flow. The 
5 expandable structure is expanded to break the magnetic attraction between the magnetic 
material and the component 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 
Other features, aspects, benefits and advantages of the invention will be 
appreciated from the following detailed description of exemplary embodiments thereof taken 
10 in conjunction with the following Figures, wherein: 

Figs. 1-5 are perspective views of anastomotic securing components 
constructed according to various embodiments of the invention; 

Fig. 6 is a perspective view showing two hollow bodies adapted to be joined in 
communication via an end-to-side anastomosis; 
15 Fig, 7 is a perspective view showing two hollow bodies adapted to be joined in 

communication via a side-to-side anastomosis; 

Fig. 8 is a perspective view showing two hollow bodies adapted to be joined in 
communication via an end-to-end anastomosis; 

' Fig. 9 is a perspective view of the two hollow bodies shown in Fig. 6 along 
20 with an anastomotic system including anastomotic securing components constructed 
according to one embodiment of the invention; 

Fig. 9A is a sectional view taken along line A- A in Fig. 9; 
Fig. 10A is a section view similar to Fig. 9A but including alternative 
anastomotic securing components used to join the two hollow bodies; 
25 Fig. 10B is a section view similar to Fig. 10A including other alternative 

anastomotic securing components for joining the two hollow bodies; 

Fig. 10C is a section view similar to Fig. 10A but showing an alternative 
attachment between a hollow body and an anastomotic securing component; 

Fig. 10D is a section view similar to Fig. 10C showing another alternative 
30 attachment between the hollow body and a securing component; 

Fig. 1 1 A is a transverse sectional view taken through an end-to-side 
anastomosis formed according to one embodiment of the invention; 
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embodiment of the invention, the device being shown in a first position; 

Fig. 20B is a perspective view of the delivery device shown in Fig. 20A, the 
device being shown in a second position; 

Fig. 21 A is a perspective view of the delivery device shown in Fig. 20A with a 
securing component constructed to one embodiment of the invention mounted thereon, the 
delivery device being shown in the first position; 

Fig. 21B is a perspective view of the delivery device shown in Fig. 21 A, 
wherein the device is shown in the second position as it is being manipulated to release the 
securing component; 

Figs. 22A-22F are sectional views schematically illustrating the delivery 
device shown in Figs. 20A-20B being used to deploy anastomotic securing components to 
form an end-to-side anastomosis according to one embodiment of the invention; 

Fig. 23 is a perspective view of an exemplary application according to one 
embodiment of the invention; 

Fig. 23 A is an enlarged view of a portion of the embodiment of Fig. 23 but 
showing a completed anastomosis; 

Fig. 24 is a perspective view of another exemplary application according to 
another embodiment of the invention; 

Fig. 24A is an enlarged view of a portion of the embodiment of Fig. 24 but 
showing a completed anastomosis; 

Fig. 25 is a perspective view of an exemplary application according to still 
another embodiment of the invention; 

Fig. 25 A is an enlarged view of a portion of the embodiment of Fig. 25 but 
showing a completed AV shunt with two anastomoses; 

Figs. 26A-26B are exploded perspective views of a device constructed 
according to one embodiment of the invention for forming a magnetic port in a hollow body 
having a lumen; 

Fig. 26C is an assembled perspective view of the device shown in Figs. 26A- 

26B; 

Fig. 26D is a sectional view taken along line D-D. in Fig. 26C; 
Figs. 27A-27B are sectional views illustrating alternative constructions of the 
device shown in Figs. 26A-26D; 

Fig. 28 is an exploded perspective view of two devices which are constructed 
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( Figs. 38 A-38B are, respectively, upper and lower perspective views of the 

device shown in Figs. 36A-36B, wherein the mechanical attachment portion of the device is 
shown in a wide profile or expanded orientation; 

Figs. 39A-39C are, respectively, upper plan, side elevation, and lower plan 
5 views of the device as shown in Figs. 38A-38B; 

Figs. 40A-40C are elevation views sequentially showing the device of Figs. 
36A-39C being deployed in a vessel having a lumen; 

Fig. 41 A is a perspective view of a delivery device constructed according to 
another embodiment of the invention, wherein the device has a retaining portion shown in a 
10 first position to retain an anastomotic component; 

Figs. 41B-41C are perspective views of the device shown in Fig. 41 A but 
sequentially illustrating the retaining portion being moved to release the component; 

Fig. 42A is a perspective view of a delivery device constructed according to 
still another embodiment of the invention, wherein the device has a retaining portion shown 
15 in a first position to retain an anastomotic component; 

Figs. 42B-42C are perspective views of the device shown in Fig. 42A 
sequentially illustrating the retaining portion being moved to release the component; 

Figs. 43A-43B are partial sectional views of the device shown in Figs. 42A- 
42C sequentially illustrating the device being used to couple an anastomotic component to a 
20 vessel; 

Figs. 43C is a partial sectional view showing the anastomotic component in its 

final position; 

Fig. 44 is a perspective view sequentially showing a flexible magnetic 
component constructed according to one embodiment of the invention being collapsed; 
25 Figs. 45A-45B are perspective views illustrating a flexible magnetic 

component constructed according to one embodiment of the invention in its expanded and 
collapsed orientations, respectively. 

Figs. 46A-46B shows alternative flexible magnetic components constructed 
according to additional embodiments of the invention; 
30 Fig. 46C is a perspective view of a flexible component with a magnetic core 

constructed according to yet another embodiment of the invention, the component being 
adapted to substantially or completely close an opening in tissue or another component; 

Fig. 46D is a perspective view of an alternative flexible magnetic component 

9 
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Figs. 54E-54F are perspective views showing the magnetic anastomotic 
component illustrated in Figs. 54A-54D being secured to a vessel; 

Figs. 55A-55B are, respectively, exploded and assembled perspective views of 
a magnetic anastomotic component constructed according to one embodiment of the 
invention; 

Fig. 55C is a sectional view taken along line C-C in Fig. 49B; ■ 

Figs. 56A-56B are perspective views showing the anastomotic component 
illustrated in Fig. 5B being magnetically secured to a vessel; 

Figs. 57A-57B are perspective views showing the anastomotic component 
illustrated in Fig. 5C being magnetically secured to a vessel; 

Figs. 58A-58C are, respectively, a perspective view and sectional views 
sequentially showing an anastomotic component constructed according to another 
embodiment of the invention being secured to a vessel magnetically and mechanically; 

Figs. 59A-59B are, respectively, sectional and perspective views showing an 
anastomotic component constructed according to another embodiment of the invention being 
secured to a vessel mechanically; 

Figs. 60A-60B are sectional views showing an anastomotic component 
constructed according to another embodiment of the invention being secured to a vessel 
mechanically; 

- Fig. 60C is a plan view of the anastomotic component shown in Fig. 60B 
secured to the vessel; 

Figs. 61A-61C are perspective views sequentially showing an anastomotic 
component constructed according to another embodiment of the invention being secured to a 
vessel mechanically; 

Figs. 62A-62C are perspective views sequentially showing an anastomotic 
component constructed according to yet another embodiment of the invention being secured 
to a vessel mechanically; 

Figs. 63A-63B are side elevation views respectively showing a magnetic 
anastomotic component constructed according to another embodiment of the invention in 
restrained and unrestrained configurations; 

Figs. 63C-63D are perspective views showing the magnetic anastomotic 
component illustrated in Figs. 63A-63B being secured to a hollow body; 

11 
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Kg. 64A is a plan view of a magnetic anastomotic 
—to. ,o another ernbodta, „ ^ ^ ^ a ^ 

Fig. 64B is a sectional view taken along line B-B in Fig. 64A; 
■ Hg. 65A is a plan view of a magnetic anastomotic component constructed 

accordmg to y « another embodiment ofth. invenuon secnred to a vesse! mechanically; 
Fig. 65B is a sectional view taken along line B-B in Fig. 65A- 
Figs. 66A-MC are perspective views seo^entially showing a deliver, device 

to another embodiment of the invention to a vessel; 

Hg, 67 A is an elevation view of a magnetic anastomotic component 
constructed according to another embodiment of the invention; 

Figs. 67B-67C are sectional views showing the component illustrated in Fig 
67A secured to, respectively, an end and side wall of a vessel; ' 

MhIt( , FigS,68A " 68B ^ 

Figs. 69A-69B are perspective views sequentially showing a magnetic 

adhesively secured to a vessel; ""onoemg 

R e- 70 -.Wective^ 
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embodiment of the invention; 

™ , « . KSS ' ?4A " 74D m SeCfl ° Ml ™ WS a magnetic 

embodiment of the invention; 
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Figs. 75A-75D are sequential sectional views showing a magnetic anastomotic 
being adhesively secured to the wall of a vessel according to one embodiment of the 
invention; 

Figs.'76A-76D are sequential plan views corresponding to Figs. 75A-75D; 
5 Figs. 77 is a perspective view corresponding to Figs. 75D and 76D; 

Figs. 78A-78C are sectional views sequentially showing the creation of a side- 
to-side anastomosis using magnetism according to another embodiment of the invention; 

Figs. 79 A is a perspective view of two vessels provided with respective 
anastomotic components; 
10 Fig. 79B is a sectional view showing the two vessels joined by a side-to-side 

anastomosis; 

Fig. 79C is a sectional view of the anastomosis shown in Fig. 79B illustrating 
one of the components being separated from its associated vessel; 

Figs. 80A-80C are sectional views illustrating a device constructed according 
15 to one embodiment of the invention being used to check the seal at a junction between an 
anastomotic component and a vessel; 

Figs. 81A-81C are sectional views illustrating a device constructed according 
to another embodiment of the invention being used to check the seal at a junction between an 
anastomotic component and a vessel; 
20 Figs. 8 1D-8 IF are transverse sectional views of the device illustrated in Figs. 

81A-81C; 

Figs. 82A-82C are sectional views illustrating a device constructed according 
to yet another embodiment of the invention being used to check the seal at a junction between 
an anastomotic component and a vessel; 
25 Figs. 83A-83B are, respectively, front and side elevation views of a device 

constructed according to one embodiment of the invention for confirming proper orientation 
of a magnetic anastomotic component, the. component being shown correctly mounted on a 
delivery device; 

Figs. 84A-84B are, respectively, front and side elevation views of the device 
30 shown in Figs. 83 A-83B showing the magnetic anastomotic component incorrectly mounted 
on the delivery device; 

Fig. 85A is a sectional view of a magnetic anastomotic component constructed 
according to another embodiment of the invention attached to a vessel in an angled fashion; 

13 
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Hg. 85B is a sectional view of an anastomosis formed between the vessel and 
magnetic anastomotic component of Fig. 85A and a second component secured to a second 

vessel; 

Fig. 86A is a perspective view of a two-pole magnetic anastomotic component 
constructed according to one embodiment of the invention; and 

Fig. 86B is a perspective view of a three-pole magnetic anastomotic 
component constructed according to another embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Figs. 1-5 illustrate several exemplary embodiments of anastomotic securing 
components constructed according to the invention for use in forming an anastomosis 
between first and second hollow bodies. Fig. 1 shows a securing component 10 with an 
annular body and an opening 12 defined by the body. The component 10 is generally plate- 
shaped and circular in plan view with a constant (or substantially constant) thickness and 
wrdth around its perimeter. The securing component 10 is sized and configured to be placed 
adjacent an opening of a first hollow body that has been prepared for anastomosis to a second 
hollow body. A second securing component would be placed adjacent an opening of the 
second hollow body for making the anastomotic connection. 

Fig. 2 shows an elliptical anastomotic securing component 14 with an opening 
16. The securing component 14 is generally plate-shaped and the opening 16 is configured to 
provuie the securing component 14 with larger end portions 18 than side portions 20 Fig 3 
shows a racetrack-shaped securing component 22 with an opening 24. As in securing 
component 14, the opening 24 provides securing component 22 with larger end portions 26 
than sxde portions 28. Kg. 4 shows a securing component 30 with an opening 32, two end 
portions 34, 36 and two side portions 38. The securing component 30 has a generally 
racetrack-shaped configuration; however, the end portion 36 is larger than the end portion 34 
^Ptoto^jO*,.^^ Stated otherwise the 
openmg32isn 0 t centrally, located with respect to the body of the component 30, unlike the 
openings 12, 16 and 24 of respective securing components 10, 14 and 22 shown in Figs 1-3 
Also, the end 36 provides a tapered leading edgefor easier introduction into a hollow body 
such as blood vessel. 

It will be understood that' the specific shape and size of fce 
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example, the thickness or width of the securing component may vary along all or part of the 
body of the component. The anastomotic securing components of the invention are 
preferably, though not necessarily, plate-shaped, i.e., a first dimension Dl of the component is 
less than a second dimension D2 of the component (Fig 1). Typically, the lesser dimension 

5 corresponds to a thickness of the component while the larger dimension corresponds to a 
width or length of the component (or diameter in the case of Fig. 1). Minimizing the 
thickness of the securing component may be desirable for applications in which one or more 
components are placed within the lumen of a relatively small hollow body, e.g., a coronary 
artery, to reduce the amount of foreign material in the bloodstream and minimize flow 

10 impedance. 

It will be noted that the securing components shown in Figs. 1-4 are generally 
flat; however, they could instead be curved or arcuate, or comprise a combination of flat and 
curved sections. Additionally, in the illustrated and preferred construction the shape of each 
securing component substantially corresponds to the opening therein. . That is, the securing 
15 component and its opening preferably have complementary configurations (e.g., elliptical 
component, elliptical opening). Nevertheless, the securing component could have a non- 
complementarily-shaped opening. Finally, while each of the illustrated securing components 
includes only one opening, more than one opening could be used if desired. 

According to preferred embodiments of the invention the anastomotic securing 
20 components are formed of or have incorporated therein a material capable of producing a 
magnetic field that acts to maintain the components in a desired positional relationship. The 
magnetic field results in the securing components maintaining the first and second hollow 
bodies in a desired position so as to be in fluid-tight communication. The anastomotic 
component preferably has magnetic properties and may comprise permanent magnetic, ferro- 
25 or ferrimagnetic, or electromagnetic materials or assemblies. 

Each of the securing components shown in Figs. 1-4 is formed substantially 
entirely of a suitable, magnetic field-producing material such that magnetic force may be 
generated over the entire area of the component. Fig. 5 shows an alternative embodiment 
wherein a securing component 40, which has an opening 42 and a racetrack-shaped 
30 configuration similar to securing component 22 of Fig. 3, has defined portions capable of 
producing a magnetic field. Specifically, the securing component 40 includes magnetic field- 
producing members 44 located at discrete areas which, in the illustrated embodiment, are at 
the ends of the component The remaining areas 46 may thus be formed of a different 
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material. It will be recognized that the members 44 could be located a. altemadve (or 

-mbers 44 while still pennitdng me component to be ^ . ^ 

tolding the areas 46. ' 

Suitable materials that may be used to form an anastomotic securing 
component tba, is capable ofpr^ucmg a magnetic field include NdFeB (Neodymium ta 
Boron), SmCo (Samarium Cobalt,, and Alnico (Aluminum Nickel Cobalt) NdFeB is 
cu-ndy preferred for its force chaotic, Tta amount „, force exerfcd win depend on 
vanous factors including the materia.* used, the size of the magnets and me number of 
magnet,, ^didon, differett, ap.Bca.ous wm cau for different force ra.ges. Forins^ce 
»gh and secure attachment when treaty sman diameter blood vessels. As an example in 
anas.omos.ng coronary vessels.i, is preferred, use anas^modcsecurmg components ma, 

Hgs. 6-8 depict first and second hollow bodies that have been prepared for 

5 2 ^ 1 sadap te d to be j „med«>anopenin g „ofasecond h oUowbody56tofo I manend- 
to-stde anastomosis, completed tmesis places the Imnensoftherespecdvehonow 

bc4esmcommumca tt ou7 ll eopenm g 52 i sformedm te wa B c rftofe ,ho B owbod,50 

--d. thesecondhorlowbody* .Kg .7 shows a firs, hollow body 5 8 with an opening^ 
a^ted to be J omed,oauopenmg62o,aseco»dhonowbody64,me^y,o I ming aside . 10 . 

m« ofaeh0UowMK58>Miforexmpi ^ d ^ Mabove 

52. F *^°w S a fl rs,honowbody66w Wl anopenin g 6 8 ^a P ted, obejomcdtoan 

rr 8 ™; fa ^ dMOWb ^ 72tof<ma "» i - to -^— - Eaci opening 
MS, 70 rs detined.by an end its associated hollow body 66, 72. 

He incision or other opening in the hollow body is preferably sized so as to 
-operate with me magnetic anastomotic components) being used. For e^mple, a gauge 
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the correct length. A plurality of gauges, for example, each comprising a small rod with a 
handle to facilitate laying the rod along the vessel wall, may be provided for use with 
different anastomotic components and vessels. 

Figs. 9 and 9A show first and second hollow bodies 74, 76 respectively 
5 provided with first and second anastomotic securing components 78, 80 which are used to 
create an exemplary end-to-side anastomosis according to one embodiment of the invention. 
As shown best in Fig. 9A, the securing component 78 includes two members 78A, 78B 
disposed on opposite surfaces of a wall of the first hollow body 74. The securing component 
80 includes two members 80A, 80B disposed on opposite surfaces of an everted end of the 
10 second hollow body 76. The members forming each securing component 76, 78 may be held 
in a desired and preferably fixed relative position by magnetic force, with magnetic force also 
being used to hold the two securing components in position. Tfie securing components 78, 80 
are moved together from the position of Fig. 9A to create a fluid-tight anastomosis. 

■ Figs. 10A-10D depict additional end-to-side anastomoses formed according to 
15 other embodiments of the invention. Fig. 10A shows a first securing component 82 coupled 
to a first hollow body 84 and a second securing component 86 coupled to a second hollow 
body 88. The securing components 82, 86 have a laminated structure comprising one layer of 
material capable of producing a magnetic field disposed between two outer layers of different 
material. In order to produce a magnetic field the components may comprise, for example, 
20 permanent .magnetic, ferromagnetic, fenimagnetic or electromagnetic materials or assemblies. 
Some exemplary materials that may be used include metals, polymers, ceramics, etc. 

One example of this embodiment of the invention comprises a securing 
component having a middle layer of permanent magnetic material (e.g., NdFeB) and two 
outer layers of ferromagnetic material (e.g., 300 or 400 series stainless steel). The outer 
25 layers may be attached to the middle layer by suitable adhesive or magnetic force. One 
specific example of a securing component constructed according to this embodiment 
comprises a 0.008" thick inner magnetic layer and two 0.001" thick outer stainless steel 
layers. It will be understood that this aspect of the invention may be practiced using other 
materials or assemblies. 
30 A benefit of a laminated construction is that it allows the thickness of the 

magnetic layer to be reduced because the other layer(s) will provide the assembly with the 
necessary strength and integrity, even if the magnetic layer is very thin (which typically 
makes the brittle magnet more easily fractured). In the above example, the steel layers may 



17 



WO 02/13704 

PCTAJS01/25132 

compos 3S we,, as the dimensions of individual ]ayer ( „ ^ tf , « 
component 22 shown in Fig. 3, the thickness is preferably less than 0.O4O" audmore 

.h,, - reMwl y sm ^ Mow bote, e.g., coronary bloodvessels. Further 

Wb0dies94 ' 96 - The fet securing component 90 comprises a single 
snrfaceoftew^ofther^yadjacentanopeningtherein Tie member Q* „ 

ttea.nent, to aU or par, o, tie anastomotic securing component For exan^le, if tte firs, 

~I — AssuCdepcndingonr:^: 8 

Reform mem em*r 98, itmay bedesirable or nectary to coat or omerwise tre* to 

Nxtnde, Parylene, Silicone, Urethane, Epoxy, Teflon and Polypropylene! 

Fig. 10C shows an embodiment wherein first anH j 

102, IC^arec.pledto^tandsecondhoOowboririt Z 

^ . . , uuuies iuo, Each component 102 104 

^nses a smgre member formed, as gained above. „, a magneoc, ferroLgnelc 0 

a^hfte end of mefintnoUowbodyiO^eporUonnOmay^e various formsTor 
-mpte, a DACRON® suture ring or bioadhesive. It will be recognized JtTt, , 
"tohmg the hollow bodyma, be located „ . P°«.onf6r 

ymay be located at drfferen, areas of the second securing component 
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104 than shown in Fig. IOC. 

Fig. 10D shows an embodiment of the invention similar to that of Fig. 10C 
with first and second securing components 112, 1 14 coupled to first and second hollow 
bodies 1 16, 1 18. The means for attaching the first securing component 1 12 to the first hollow 
5 body 116 in this embodiment comprises an expandable member 120, such as a stent, disposed 
within the lumen of the first hollow body. The member 120 forces the end of the first hollow 
body 116 against the first securing component 1 12 to attach the elements in a fluid-tight 
fashion. It will be appreciated that the embodiments of Figs. IOC and 10D are only two of the 
various ways in which a securing component may be coupled to a hollow body with everting 
10 tissue of the hollow body. • 

Fig. 1 1 A is a transverse sectional view taken through an end-to-side 
anastomosis created by first and second securing components 122, 124 which are positioned 
adjacent openings of first and second hollow bodies 126, 128. The securing components 122, 
124 are plate-shaped (as described above) and generally flat. Fig. 11B shows first and second 
15 securing components 130, 132 constructed according to an alternative embodiment of the 
invention positioned adjacent the openings of first and second hollow bodies 126, 128. The 
securing components 130, 132 are also plate-shaped but, rather than being generally flat, are 
arcuate or curved. As can be seen, the curvature of the securing components 130, 132 
maintains the first hollow body 126 in a substantially round configuration as compared to the 
20 more flattened-out shape it assumes when used with the flat securing components 122, 124. 

The arcuate securing components 130, 132 preferably have complementarity 
or substantially complementarity radii of curvature to provide an even distribution of force 
and good sealing. The securing components of the invention could, however, have different 
degrees of curvature, the curvature of each being either constant or changing over the body of 
25 the component. Also, while the illustrated securing components 130, 132 extend over 

' approximately 120°, other configurations that extend between 0° and 360° could be used if 
desired, for example, 180°, Finally, while Figs. 1 1 A and 1 IB show, respectively, a pair of 
flat components and a pair of arcuate components, the securing components of each pair used 
to create the anastomosis may have dissimilar configurations to varying degrees. 
30 Figs. 12 and 13 show other embodiments of the invention wherein first and 

second hollow bodies 134, 136 are respectively provided with securing components in order 
to create an end-to-side anastomosis. The embodiment of Fig. 12 utilizes first and second 
securing components 138, 14Q respectively positioned adjacent openings in the hollow bodies 
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»4,13„. Each securingcomponen, 134, deludes a singUmenta ma, nw comprise 

5 TZZT™? r™ 138, 140 ro ^ «— * * 

places a™ m fhud communication and provides a fMd-tigta seal 
10 144which ^""^"'"'^""^^-^^"mpo^Ma. 

ambers, and each member may comprise one or more materials aid one or mm feyen 
» O- memb er , each securing component ,4 2 , 144 is positioned witMn the lumen 

ofthebollowbodywitbtissuembetween. 

Kgs. 15 and 16 show fate embodiments of the invention wherein first ar,d 

^onemsinorder.crea.anend-^danastomos, Hg. 

v e»*,., f* SK ^ SMm ^ 150 ' 152tachtea »Mcmemb=rmatmaybe 
of fcecomponeot. As a result,^ me ft. and second seeding components 150 1*1 

He embodiment of Hg. 1 6 includes fa, and second seeming components 
^oposruonedadiacentmeopenmgsofhonowbodies 146, 14S, respe^v^ 
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above. The first securing component 154 includes one member 154 A positioned around the 
exterior of the first hollow body 146 (with the end thereof everted), and another member 
154B positioned around the opening defined by the end of the hollow body 146, the members 
154A, 154B being held in place by magnetic force. The second securing component 156 has 

5 the same or a similar construction and includes members 156A, 156B which are positioned 
adjacent the end of the second hollow body 148. In the embodiments of Figs. 15-16 the 
securing components are not located within the lumen of either hollow body and thus are not 
exposed to fluid or other substances contained therein or moving therethrough. 

Another embodiment of the invention will be described with reference to Figs. 

10 17A-17B. Fig. 17A shows a hollow bodyl60 with an opening 162 and an anastomotic 
securing component 164 positioned adjacent the opening. The securing component 164 is 
positioned within the lumen L of the hollow body 160 and has an opening 166. The opening 
166 is aligned with the opening 162 in the wall of the body 160 as shown. In some instances, 
for example, when the securing component is forced through an incision in the wall, the 

15 tissue defining the opening 1 62 may move over the opening 1 66 of the securing component 
164, as shown in Fig. 17B. As indicated by reference numeral 168 in Fig. 17B, this reduces 
the effective area of the securing component 164 that is available to communicate with a 
second hollow body to which the hollow body 160 is anastomosed (not shown). 

Fig. 18A-18B show the hollow body 160 with the opening 162 of Figs. 17A- 

20 17B, however, a securing component 170 constructed according to another embodiment of 
the invention is positioned adjacent the opening 162. The securing component 170 has an ■ 
opening 172 and has a feature for maintaining the opening 162 open to flow. The securing 
component 170 comprises a flange 174 and an extension 176 coupled thereto (or formed 
integrally therewith). As can be seen, the extension 174 prevents tissue defining or adjacent 

25 the opening 162 of hollow body 160 from migrating or springing back after delivery to reduce 
the cross-sectional flow area of the securing cotiaponent 170. 

Figs. 19A-19C show a hollow body 180 which may, for example, represent a 
patient's coronary or peripheral artery the lumen of which is stenosed at S. In Fig. 19A, the 
hollow body 180 is provided with the anastomotic securing component 170 of FigS* 18A-18B 

30 by coupling the securing component to an opening in the wall of the artery, thereby forming a 
site for creating an end-to-side or side-to-side anastomosis. In Fig. 19B, the hollow body 180 
is provided with an alternatively configured anastomotic securing component 182 which 
includes a flange 184 ai^i a discontinuous or segmented extension 186 passing all or partly 
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throughtheopeninginthewaUofthehoDowbody Fig IQCshn™ 

188 with a inulti-part construction including a flanged Id I s C ° mP ° nent 

-"meopenmgo^^^^ 

9aa i, ^ similarly defines a support ledee 214 r« 

20A shows the device 20n in a •• ll "^ge^i4. tig. 

securing component 216 with the owning 218 of th, ** * 

^ ^opening 218 of the component surrounding a boss 220 tw 

the direction of the arrn^c bymoving the shaft 208 in 

^oiy lo rocjc or otherwise manipulate the dpvirp onn i ^ 
^taordertosep^^ ^ ^ 2M <° *~^g co,^* 

» will be undemood that the Ulaaraled deliver, dsvice 200 is ™, 
possible device citable f<)rllS e in plactas a, ^ device 200 is only one 

utmg magnetic or ferromagnetic materials may 
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result in magnetic interaction with the. securing components, which may be desired to 
facilitate delivery of the components. The delivery device could also be constructed of 
nonmagnetic or ferromagnetic materials such as titanium, polymers, etc. 

For sake of example, the creation of an anastomosis using the delivery device 

5 200 and first and second securing components of the invention will be described with respect 
to Figs. 22A-22R Fig. 22A shows the delivery device 200 with a first securing component 
222 .comprising two members 222 A, 222B, the former member being supported by the ledges 
212, 214 of the device 200 while the latter member is held above the ledges (e.g., by magnetic 
attraction to the device 200). The member 222A is being inserted into an opening in the wall 

10 of a blood vessel V with a stenosis S. The member 222A may be shaped or otherwise treated, 
to ease insertion into the vessel lumen; for example, the leading edge of the member 222A 
may be formed as shown in the embodiment of Fig. 5. 

Fig. 22B shows the one member 222A of securing component 222 positioned 
against the interior surface of the wall of the vessel and the other member 222B being moved 

15 toward the vessel wall. Fig. 22C shows the members 222A, 222B in position with the 

delivery device 200 remaining. Fig. 22D shows the device 200 being removed through first 
securing component 222, and Fig. 22E shows the securing component 222 remaining in the 
vessel wall to form what may be characterized as a magnetic port P. The securing 
component(s) may be provided with a surface treatment, such as coatings, roughened or 

20 treated areas, or mechanical projections, to enhance engagement with the wall of the hollow 
body. 

The illustrated securing component 222 defines the magnetic port P and 
produces a magnetic field that may be used to couple another vessel to the port. In Fig. 22F, a 
graft vessel G provided with a second securing component 224 (which itself includes two 

25 members) is anastomosed to the port P with magnetic force holding the first and second 
securing components 222, 224 in a desired relative position. The invention may also be 
practiced using means for fixing the relative distance between the first and second securing 
components, for example, to prevent tissue being forced or squeezed from the space between 
the components due to the application of the magnetic force over time. Such means could 

30 comprise projections that extend directly between the components and act as a stop, or an 
intermediate element coupled to the components to restrain them against further movement. 
It will be recognized that forming a magnetic port according to. the invention may also be 
used in non-vascular applications, as well as applications not requiring an anastomosis to 
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Several exemplary applications of the invention will be describe . ■* 
reference to Figs. 23-23A, 24-24A and 23-25A Pi, « • 

wim a graft vessels ™ 23 25k - 23 "ananterior view of a human heart 

in a grart vessel G having one end 230 attached to the an* a . u 

5 and another end 232 prepared to a , * * «*>^ 

prepared to be anastomosed to an' occluded LAD. One securing 
component 234 is coupled to the end 232 of the ™ft r k * 
above and ar-nth, • eDd232of fee ^ G l>yanyof the methods described 
above, and another securing component 236 is coupled to the LATi 
therein The seem-i™ upiM t0 me ^ adjacent an opening 

cicju. ine securing components 234 236 arpfnmwi i *i - 

alternatively be attar*^ *. , * ^ graft G could 

invention. ° ^ ^ — ^, to ae 

«g. A ventnculocoronary shunt S has one end in „w a • 

^oomp^USSadiacentitsoth ^^^t^™ " ,!Pr0VideiWit,1 
component 236 of Fig 23 Thesi™,,,- „ wmie the LAD is provided with the securing 

ngil. TheshuntSisadaptedtobecoupledtotheLADvi,,^ , 
anastomosis, therefore the securing comnonent Wfi ' ■■ OUleLAD ™«^o-side 

of the shun, (and the * I 7 " P0S,t,0,K<i ^ opening in the side 

mesnunt(sndthefieeendofthe S huntistiedofIat240) R, ju ,, u 
oompieted anastomosis once me securing components 236 ^h t 

-shun.sreo^^:^ 

vein in order to nrovirfp * * between an artery and 

anastomosis using first and «™„* • side-to-side 
fuignrsr and second securmg components 248 -n, u 

preferably formed of ePTFE DACRON^ , *"* ™ * 

Itshomdbeapp^^^^^^ 
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25 A represent several of many different uses for the invention. Other applications for the 
invention include, for example, neurological, urological and gastrointestinal procedures. As a 
further example, the invention could be used to form an anastomosis with an existing CABG 
graft that has partially or completely occluded over time, for instance, by placing the 
5 anastomotic securing components in the graft distal to the occlusion. In short, it will be 
recognized that the invention may be modified in varying degrees from the preferred 
embodiments illustrated and described specifically herein. 

As noted above, it will be recognized that the invention may be used in many 
different procedures, for example, femoral-femoral, femoral-popliteal, femoral-tibial, ilio- 
10 femoral, axillary-femoral, subclavian-femoral, aortic-bifemoral, aorto-iliac, aorto-profunda 
femoris and extra-anatomic bypasses. In sum, the invention may be used to create an 
anastomosis with many different vessels, including, without limitation, the renal arteries, 
mesenteric vessel, inferior mesenteric artery, eroneal trunk, peroneal and tibial arteries. 

Another embodiment of the invention will be described with respect to Figs. 
15 26A-26D. A device for forming a port into a vessel (or for forming part of an anastomotic 
. coupling) is indicated generally by the reference numeral 252 in Fig. 26A. The device 252 
includes a member capable of producing a magnetic field, for example, permanent magnet 
254, which preferably has an opening 256 adapted to communicate with a vessel lumen or 
other hollow body. The magnet 254 is received in a housing that, in this embodiment, 
20 comprises two elements configured for attachment to each other so as to enclose the magnet 
One housing element 258 is generally dish-shaped with a rim 260 while the other housing 
element 262 is generally lid-shaped (as seen in Fig 26 A). 

Fig. 26B shows the magnetic member 254 disposed in the element 258 with 
the element 262 positioned above the assembly. Fig. 26C shows the element 262 affixed to 
25 the element 254 to form the housing and provide a sealed enclosure containing the magnetic 
member 254. This enclosure preferably forms a hermetically sealed environment that will 
protect the member 254 from external elements, e.g., blood or various bodily fluids, upon 
implanting the device 252 in a patient. The illustrated housing elements 258, 262 may be 
attached by any suitable means. For example, if constructed of metal laser welding may be 
30 used to join the housing elements. Other attachment means include adhesives, fasteners, etc. 

The housing enclosing the magnetic member may of course be formed of a 
unitary piece of suitable material, for example a metallic blank, or more than two pieces of 
material joined as described above. Fig. 26D is a sectional view of the device 252 shown in 



25 



WO 02/13704 

PCT/US01/25132 

Kg^eCillustratmgthe^alconstructionofthedevice withlid i „ 

mating channel-shaped elements 268 270 v k KMCi ^ mata ™S«taedby 
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276. These openings preferably are aligned with complementary openings in the mechanisms 
282, 284 to form a port extending into the lumen. The mechanisms 282, 284- enhance the 
magnetic attraction between the components 274, 276, thereby more securely attaching the 
assembly to the vessel wall W than if the mechanisms were omitted. 
5 Referring to Figs. 30-3 1 , the concept underlying this aspect of the invention 

will be described with respect to the specific embodiment of Figs. 28-29. Fig. 30 shows the 
first and second members 278, 280 (which may be viewed as a pair of permanent bar 
magnets) in relatively close proximity, the poles of the magnetic members being oriented so 
that the components attract each other. Fig 30 also schematically depicts the magnetic field 
10 produced by the magnetic members 278, 280. The magnetic field Fl located between the 
members 278, 280 is essentially uniform given the relatively large surface areas of and the 
small separation gap between the members. The number of lines present between the 
members 278, 280 is roughly indicative of the strength of field Fl. 

As shown, the magnetic field F2 located at the edges of the members 278, 280 
15 fringes out, which dissipates or weakens the field F2. The field F2 fails to significantly 
increase the attraction force between the members 278, 280 due to its location and the fact 
that it is relatively weak (as it contains fewer, more spaced apart flux lines than the field Fl). 
Put another way, the magnetic flux density or magnetic induction B (which is a measure of 
magnetic field strength) of field Fl is greater than the magnetic flux density of field F2. The 
20 invention provides means for utilizing the field F2 to increase the magnetic attraction force 
between two components. It will be noted that for sake of clarity Fig. 30 omits the portion of 
the magnetic field that would extend inward toward the center of each component 

Fig. 3 1 shows the members 278, 280 along with the mechanisms 282, 284 in 
fairly close proximity. The magnetic field Fl located between the members 278, 280 is 
25 essentially, uniform as described above in connection with Fig. 30. As can be seen, though, 
• the mechanisms 282, 284 alter the location and flux density of the magnetic field F2. 
Specifically, rather than fringing out as in Fig. 30, the field F2 is concentrated by the 
mechanisms 282, 284 between the components 274, 276. As such, the magnetic flux density 
increases, which in turn increases the attracting force between the components, 
30 The specific manner of increasing the magnetic attraction force may vary from 

that shown. The illustrated mechanisms 282, 284 are configured to alter the construction of 
the magnetic members 278, 280 in order to increase magnetic flux density and hence raise the 
attraction force produced thereby. The mechanisms 282, 284 are separate elements coupled 

27 



20 



25 



30 



WO 02/13704 

PCT/US01/25132 

5 between the compos 274 h ^ mi8neSc ta 

. such a, creating mMomoMS ^ ^ ^ ^ * fc «™ 
^thevasculartissu,. °«<»«S" mataal located within or 

femmagnetic material h • ^ " ,omed <* 

example, ferrimasnetir . lcnats maybeusedjnstead. For 

n » iwnmagnetic, paramagnetic or diamagnetic mat«-ioi 

^^acWever.^^or.o^eoC^ ^ 

TACtc , - ootamedusmg-a ferromagnetic material). 

rests have shown that, depending on the 
their,™*™ maybe nsedtorj, ^centration ne^arusrns of 

^IC^r'^'^™""-^- More 



28 



WO 02/13704 PCT/US01/25132 

% to about 75 %. The exact amount of magnetic force used in practicing the invention, for 
example, to secure the components to a vessel, will depend on various factors, such as the 
sized of the vessel, the force limit prior to causing necrosis, etc. 

It will be apparent that benefits provided by this feature of .the invention 

5 include forming a firm attachment to tissue via magnetic force, the ability to alter the 

construction of a component to customize the amount or location of flux concentration, and 
the ability to reduce the size of the magnetic component while maintaining sufficient 
magnetic force to form the anastomosis. 

Figs. 32A-32B show an anastomotic component 286 in the form of an . 

10 electromagnet assembly including a core 288 having an opening 290. A coil 292 is wrapped 
around the side wall of the core.288 and has leads 294 ranning to a power source, such as 
battery 296 (Fig. 32B). Fig. 32B shows the component 286 after it has been placed in a 
protective housing 298 by suitable means, for example, a coating or structural enclosure as 
described above. The housing 296 is preferably formed of a strong, leak-tight biocompatible 

IS material. 

Fig. 33 shows an electromagnetic component 300 for use in closing an- 
opening, for example, an opening in tissue such as an ASD, VSD, PDA, etc. As can be seen 
the component 300 includes a housing 302 with at least one occlusion surface 304 adapted to 
seal against tissue or an anastomotic component 

20 Rg- 34A is an example of the component 286 coupled to an anastomotic 

component 286 A positioned on the opposite surface of the of a target vessel TV with a lumen 
L. A graft vessel G is shown (in phantom) just above the component 286 and includes an 
anastomotic component AC oriented to magnetically attract (or be attracted to) the 
electromagnetic assembly of component 286. Fig. 34B shows the occluding surface 304 of 

25 component 300 being used to close, either temporarily or permanently, a magnetic pprt P 
which communicates with the lumen L of the target vessel TV. 

The invention may be practiced using magnetic, mechanical, or any other 
force-creating means to secure a component to tissue or to another component. Fig. 35A 
shows two anastomotic components 304, 306 including first and.second magnetic members 

30 308, 3 10 enclosed in housings 312, 3 14. The first component 304 has a sleeve portion 3 16 
(which in Fig. 35A is an extension of the housing 314) having an end 318 that projects 
beyond the second component 306. Any suitable means may be used to collapse or other 
manipulate the end 318 relative housing 314 of second component 306, for example, the 
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me delivery device. " J ^ ra ^ v ™™vementofthearms330 

relative to 

Kg. 40A shows tie device 334 after the tin ««e u 

alter the tip 336 has cut through tissue of a 
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vessel wall W and the component has been properly positioned against the surface of the wall. 
Fig. 40B shows the device 334 after the shaft 338 has been moved distally to release the ends 
332 of component arms 330 and allow them to expand into contact with the tissue T. Next, 
as shown in Fig. 40C, the delivery device 334 with shaft 338 is removed proximally through 

5 the opening 328 of component 320. 

It will of course be appreciated that this embodiment of the invention may take 
many constructions other than those specifically illustrated herein. For example, rather than 
having. individual arms 330 which engage the tissue T, a continuous or semi-continuous 
surface could be used, the surface being planar, concave-convex, etc. 

10 Kgs. 41A-41C show a delivery device constructed according to yet another 

embodiment of the invention. The delivery device 342 includes a support portion 344 and a 
retaining portion or mechanism 346 for retaining a securing component SC on the device. 
The illustrated retaining portion 346 is carried by a shaft 348 and engages a flange 350 
formed on (or attached to) the securing component SC around its opening 352. The flanged 

15 securing component SC is preferably magnetic and may be constructed as described above 
regarding previous embodiments (e.g., Figs. 19A-19C). Fig. 4iA shows the delivery device 
342 in. a first position in which the retaining portion 346 is in its first position to retain the 
securing component SC. It will be noted that the device 342 may also be used to deliver a 
non-flanged securing component(s). 

20 Fig. 41B shows the delivery device 342 after the retaining portion 346 has 

been moved out of the first position to release the securing component 342. In this 
embodiment the retaining portion is rotated 90° from the first position, although other 
motions may be used to release and engage the securing component Fig. 41 C shows the 
delivery device 342 after it has been withdrawn proximally through the opening 352 in the 

25 securing component 342. Fig. 41C also shows the particular construction of the support 
portion 344 of device 342. A step 354 is formed to receive the opening 352 of the securing 
component 342. The step 354 helps align the securing component and aids in even delivery 
to the tissue surface. 

Figs. 42A-42C show a delivery device 356 constructed according yet another 

30 embodiment of the invention. The device 356 includes a body 358 which to some extent acts 
as a support portion for first and second components 360, 362. A first retaining portion or 
mechanism 364 is movable relative the body 358 and engages the first component 360 to 
retain it in place prior to and during delivery. A second retaining portion or mechanism 366 
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^ &StCOnPOnOT,360 ' ,h ^^"-*ed 6 v i c, Magnetic 

.0 atu^onmatntamsthetwo components 360, 362 to place. 

-ond compos 360 , 362 to a vessei wa* W. ^ to ' 

-;---^ toftts—mt ^ temo ^ ----- 
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Fig. 46C shows a component 384 constructed according to another 
embodiment in its expanded state. A frame 386 supports a web or body 388 and is capable of 
producing a magnetic field while being collapsible for easier delivery. The web 388 may be ■ 
used to occlude an opening. Fig. 46D shows a collapsible component 390 that may be used to 

5 form a magnetic port or an anastomosis. The component 390 preferably comprises a 
magnetic core covered by a superelastic or shape memory housing and has ends 392 that 
permit the component to be delivered in a straight, low-profile configuration. Fig. 46E shows 
an exemplary catheter C retaining the component 390 in a low-profile orientation. 

Figs. 47A-47C show yet another embodiment of the invention that provides a 

10 device 394 for closing an opening in tissue, such as any of the cardiovascular defects 

mentioned above. The device 394 could be used in other applications as well. In Fig. 47A a 
sheath or catheter 396 houses a pair of magnetic components 398, 400 on a shaft 402. The 
components 398, 400 may take any of the previously described constructions and are 
configured to attract each other across a body of tissue with, an opening to be closed. Fig. 

15 47B shows the device 394 after relative movement has been imparted to the sheath 396 and 
the components 398, 400. The component 398 is out of the sheath 396 and fully expanded 
while the component 400 is partially out of the sheath and expanded. Fig. 47C shows the 
device 394 with the component 398 exploded from the shaft 402. The shaft 402 and 
component 398 have mating magnetic and/or mechanical interlocking means indicated at 404, 

20 such means securely holding the component 398 during delivery and then releasing it 
preferably via remote actuation upon reaching the target site. 

Figs. 48A-48C show an exemplary application of the embodiment illustrated 
in Figs. 47A-47C wherein the device 394 is used to close a ventricular septal defect VSD in 
the septum S between the right and left ventricles RY, LV. Fig. 48 shows the device 394 

25 introduced percutaneously into the right ventricle RV and the component 398 located and 
expanded in the left ventricle LV. The component 398 is forced against the septum S and the 
other component 400 is expanded as shown in Fig. 48B. Once expanded, component 400 is 
forced against the septum S (e.g., by using the sheath 396), attracts the component 398 to 
close the defect, and the device 394 is removed (Fig 48C). 

30 . Turning now to Figs. 49A-49C, an anastomotic component constructed according to . 

another embodiment of the invention is indicated generally by the reference numeral 420 and 
includes a first portion 422 and a second portion 424 attached thereto. The second portion 
includes a tubular body adapted to be attached to a hollow body such as a blood vessel. The 
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illustrated second portion 424 includes a plurality of openings 426 which may serve several 
purposes. For example, tie openings may promote tissue ingrowm to enhance engagement of 

aUowtne tubular body ofthe portion 424 flex or coliapse during use easier,.,, for 
^ very and deploy,. Tie portion 424 may be fonned from suinless steel, nitinol, «c., 
andrspreferablyupe^ou^dlycnotshownjtoengagetheinteriorofavessel 

^ ^ SK<>nd POrtiOI1S ^ 424 °' «0 are 

sh™ separated » H, 4 9A and assembled in Fig. 49B. According to me invention, me 

" ^ — — * * — e" - HP. 

■nmenrstpor^. ^result is a firm assemb ly ma, proviaesn« anastomotic 
cornet with substantially flush continuous upp^r and lower surfaces 

Hgs. 50A-50B show another embodiment of the invention wherein an 
anastomose component 432 includes a first ^on 434 and a second portion 436, the second 

att"! Md * 434 ' .«»«^— 

(.e.g., due to the presence of openings 438) to allow it tn u * • * 

■ . , «^«oj to allow it to be bent in order to insert the tabs 440 

- ^^^^^ 

admnon to 0* shown. For example, thetubular body of the second portion 436 may be 

ZT I f OT DOre *"» - *™0. ^tionai stiucture ,„ 

2-™..*^,*^,, Also.anydesirednumberof 
tabs and slots may be used to interlock the fat and second portions 434,436. 

H ^ 5,A - 51Bsh ° w »°»««mc<>dto^^ 
—tic component 444 which includes a first portion 446 and a second portion 448 

openings 450. As shown in Fig. 51 A, an end of the second portion 443 is received within me 
op^ofmefirstport^. Wbile me entir* iHustiafcd second portion 448 
compHses a latticed structure, m or mo, portions may instead be sol* for exampfc, me 
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by any suitable means. For example, an adhesive or thermal energy bond may be used to join 

the portions 446, 448. 

Figs. 52A-52C show another embodiment comprising an anastomotic 
• component 454 having a first portion 456 and a second portion 458. The first portion 456 
5 includes a rim or flange 460 that is adapted to be coupied to the second portion 458. The 

second portion 458 has one or more extensions (e.g., an end of a wire) 462 that is threaded 

through one or more openings 464 formed in the rim or flange 460 of the first portion 456. 

As in the previous embodiment, the attachment' between the first and second portions 456, 

458 may be fortified by additional means, such as adhesive, welding, clips, etc. Fig. 52C 
10 shows the assembled component 454 which is secured to a natural vessel or provided with 

synthetic vascular material (such as ePTFE or Dacron) to form a graft that may be attached to 

another component). 

Fig. 53A shows a magnetic anastomotic component 466 constructed according 
to another embodiment of the invention. The component 466 includes a first portion 468 and 

15 a second portion 470 attached together at 472 by any of the means discussed above, such as 
adhesive or thermal bonding. As seen in Fig. 53 A, the tubular body of the second portion 470 
defines a lumen that communicates with an opening 474 defined by the first portion 468 
(which itself communicates with a vessel lumen). 

Fig. 53B shows the magnetic component 466 coupled to a hollow body 476 

20 with the tubular body of the second portion 470 located inside of the hollow body 476. The 
second portion 470 may be in the form of a stent or other expandable structure (pressure or 
self-expanding) that exerts pressure against the interior surface of the wall of the hollow body 
476, thereby securing the component 466 to the hollow body 476: 

Fig. 53C shows the anastomotic component 466 of Fig. 53 A mounted to a 

25 hollow body 478. In this embodiment, the second portion 470 of the component 466 is 
located on the' exterior of the hollow body 478. The distal end of the hollow body 478 is 
passed through the opening 474 of the first component portion 468 and everted around the 
perimeter of the portion 468 in this embodiment The end of the hollow body 478 may be 
secured to the component 466 by any suitable means, for example, adhesive, suture, etc. 

30 Additionally; the portion 470 of the component 466 may be constructed to engage the hollow 
body 478 and to secure the structures away from the distal end of body 478. It should be 
appreciated that the embodiments of Figs. 53B-53C may be practiced using additional 
securing means disposed inside or outside of the hollow body. 
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Hgs. 54A-54F show a magnetic anastomotic component constructed accordin, 
to another embodiment of the invention. He component is designated by to reference 
numeral 480 ar,d includes firs, and second pluralities of tabs 482, 484 supported by an 

aligns the tabs „ a circumferential direction. Fig. 54B shows the tabs 482 484 in an 

488A 488B are respectively attached to me sets of tabs 482, 484, as shown in Hgs.54C-54D ' 

aes 1 eeves488A,4 8 8Ba r emoved fr o m meposidonsbowninH 8 .54D,o«hepos W on ' 
shown m Fig. MD and men Gained (for example, by a suitable instrument - no, shown, 
As shown in Fig. 54E, mis creates an annular space between the sleeves 488A 

8 a ir™ 8 md E of a houow body - ^ * 482 ' ^ - ~ — • 

488A, 488B move toward each omer to sandwich me end of the hollow body (Fig. 54F) This 
embodiment may be practiced usm g resmen U upe r e.as U c,maueableordefo r rn*le te bs'. 

Rgs. 55A-55C show another embodiment of the invention whereto an 

=ndasec m dpor a on498.Anend„,mese«mdpo n i„n498 ( wh i chma,beanararalor 

Theconm^rnaybea^hedbyadhesiveoranyomersuitablem^suchasthose ' 

discussed above. 

Themagnettcanastomoticcomrx,nentsshownfaHgs.49Ath ra ,ghHgs 55C 
maycomprisepermanentmagne^, electromagnet, or materials having, erromagnetic ' 
r-perties. Suitable materials ma, may beused for the con^nen,, are disclosed in the 
above-referenced, co-petting paten, application serial no. 09/562J99. The magnetic 

atleastc.eofmeteandsec.ndportionsofmecomponentincludeorareforrnedofa ' 
many variations of magnetic anastomotic component fflustiated herein wffl be possible 

Placement or deposition o, material on or about the component, the si*, shape and 
configuration of me component etc., may be altered if desired. 

Anolher aspect of me invention provides various attachment mechanisms 
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include blood vessels, e.g., coronary or peripheral arteries or veins, as well as hollow bodies 
of the urological and gastrointestinal systems. In addition, it should be appreciated that the 
invention may be used in applications other than those involving a hollow body, e.g., to close 
an opening in tissue, attach a prosthesis, deliver a device or substance, etc. 
5 The magnetic anastomotic components may be attached to the hollow body in 

different ways, including adhesively, mechanically and magnetically. Figs. 56A-56B show 
the anastomotic component 466 of Fig. 53B in the process of being magnetically attached to a 
hollow body in the form of a blood vessel V. The first portion 468 of the component 466 is 
inserted through an opening in the wall of vessel V and positioned so. that the upper surface of 
10 portion 468 abuts the interior surface of the vessel wall. As seen in Fig. 56B, a member 500 
having an opening 502 sized to receive the tubular body 476 is slid down until it abuts the 
exterior of the vessel wall. 

Fig. 56B shows the first component portion 468 and the member 500 (which 
may be viewed as part of the first component or a second anastomotic component) 
15 sandwiching the wall of vessel V. The anastomotic component 466 is wholly or partially 
capable of producing or being attracted by a magnetic field. In the illustrated embodiment, 
the first anastomotic component portion 468 and the member 500 are magnetically attracted 
to each other and compress the vessel wall, thereby ensuring a fluid-tight attachment between 
the hollow body 476 and vessel V. 
20 Figs. 57A-57B show the anastomotic component 466 and tubular body 478 of Fig. 

53C being attached to a vessel V. The first component portion 468 is magnetically attracted 
to a member 504 secured to the exterior of the vessel V (Fig. 57B). The member 504 has an 
opening 506 that is aligned with an opening O formed in the side wall of vessel V. The 
opening 506 of the member 504 communicates with the tubular body 478 of the anastomotic 
25 component 466 once the anastomosis is complete (Fig. 57C). 

Figs; 58A-58C show another embodiment of the invention wherein an 
anastomotic component 508 includes a first portion 510 and a second portion 512. The first 
portion 510 includes a curved body 514 with optional openings 516. The member 5 10 is 
preferably magnetic or ferromagnetic. A tubular body 518 extends from the first component 
30 portion 510 and has a lumen 520 that communicates with an opening formed in the portion 
510. The first portion 510 is positioned inside the lumen of the vessel V and pulled against 
the interior of the wall (Fig. 58B). The second portion 512 is slid down until magnetic 
attraction between the portions 510, 512 compresses the vessel wall and secures the magnetic 
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anastomotic component 508. 

Figs. 59A-59B shown mother embodiment of the invention wherein a 
magnetic anastomotic component 520 includes first and second portions 522, 524 which 
compress first and second vessels 526, 528. Magnetic attraction between the portions 522 ■ 
524 secnres the vessels 526, 528.toge.hen in addition, mechanical securingmeans is provided 
«o further enhance the attachment. The mechanics mesw may ^ ^ ^ ^ m 
chps, hooks, sttples, etc., me illustrated members 530 being in the form of sutu* loops. 

Exemplary embodiments of the invention that utilize a mechanical attachment 
between a magnetic anastomotic component and a vessel will now be described. With 
reference to Figs. 60A-60C, a magnetic anastomotic component 540 is shown positioned 
agatatthewallofavesseiV. The anastomotic component 540 includes an annular body 542 
defining an opening 544 which communicates with an opening O formed in the vessel wall 
The annular body 542 has a plurality of passageways 546 configured ,o receive attachment ' 
members 548 in order to secure the component 540 to the vessel V. 

The attachment members 548 are carried in a delivery device 550 including a 
push rod 552 which, as shown in Hgs. 60A-60B, is us*d to move the attachment members 
548 out of the distal end of th. device 550. The attachment members 548 ma, be in any 
destred form and, in me illustrated embodiment, are superelastic hook-shaped elements The 
attachment members 548 are constructed so that when unbiased they take me configuration 
shown in Fig. 60B. Therefore, uuon exiting the delivery device 550. the attachment members 
548 move from their biased straight configuration (Fig. 60A) to tueir unbiased hook-shaped 
configuration (Fig. 60B). As a result, the hooks engage the vessel wall and the annular body 
542 of the component 540 and exert sufficient compressive force to securely attach the 
component to the vessel. 

As seen in Fig. 60C, a plurality of the attachment members 548 are preferably 
used to secure the magnetic anastomotic component 540 to the vessel V It will be 
understood though that the exact number allocation of the attachment members may vary 
from the illustrated embodiment. 

Fig. 60B shows, in phantom, an additional anastomotic component 552 
secured to the magnetic anastomotic component 540. The additional component 552 (which 
may be attached to a second vessel - no t shown - that will be anastomosed to the vessel V) 
is secured to the component 540 by magnetic attraction. The annular body 542 of the 
anastomotic component 540 preferably has recessed areas 554 that receive the ends of the 
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attachment members 548. This provides a flush or substantially flush and continuous upper 
surface to mate with the additional component 552, thereby enhancing magnetic attraction 
and sealing. 

It will be recognized that this embodiment of the invention may be practiced 
5 differently than illustrated in Figs. 60A-60C. For example, rather than using separate 
attachment members to secure the annular body 542; a single annular attachment member 
with portions engaging the tissue and the component could be used. Also, while the figures 
show the attachment members being applied one at a time, they could also be applied 
simultaneously in a single delivery step by one or a plurality of push rods. 
10 Figs . 6 1 A-6 1 C show another embodiment in which a magnetic anastomotic 

component is mechanically secured to a vessel. The anastomotic component includes an 
outer portion 556 and an inner portion 558 that sandwich the end of a vessel V. As shown in 
Fig. 6 IB, the outer portion 556 is deformable, preferably by way of being resilient or elastic, 
which allows it to be expanded to receive the end of the vessel. The outer portion 556 is then 
15 released and compresses the vessel against the inner component portion 558. The component 
portions 556, 558 may or may not be magnetically attracted to each other. At least one of the 
portions is, however, preferably magnetic or ferromagnetic, in whole or in part, e.g., at its 
distal end, for attachment to another magnetic anastomotic component (not shown). 

Figs. 62A-62C show an embodiment of the invention similar to the previous 
20 embodiment but wherein an outer component 560 has a discrete portion 562 that is flexible, 
as shown in Figs. 62B and 62C. This embodiment includes an inner anastomotic component 
portion 564 with a ledge 566 configured to support the end of the vessel V. (See Fig. 62C.) 
The ledge 566 may be a separate element or integrally-formed with the portion 560, and is 
preferably magnetic. 

25 Figs. 63 A-63D show another embodiment of the invention wherein a magnetic 

anastomotic component is mechanically secured to a vessel. An anastomotic component 570 
has the ability to produce or be attracted by a magnetic field and includes an annular body 572 
defining an opening 574 and a plurality of movable coupling elements 576. The coupling 
elements 576 are restrained in a first position (Fig. 63A) and are delivered through an opening 

30 in the wall of a hollow body, such as blood vessel V (Fig. 63C). The coupling elements 576 
are released and assume a second position (Fig. 63B) in which they are essentially parallel 
with the surface of the annular body 572, thereby capturing the vessel wall to secure the 
component 570 thereto (Fig. 63D). 
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Fig S . 64A-64B show a anastomotic Jg0 

TT emb0dtorat °' 46 ^ ^ <™ 580 **- - -i- 

body 582 and a pluraBty of attachment members 584. The annular hoay 582 of the 

component 580 is formed with one or more recessed 586 tw ■ 

. „„ „ r more recesses 586 that receive an end of an attachment 

rJd'Tt^^^^^^^-^^^Vessel 
wall, and another leg 592 that extends into the recess 586. 

Kgs. 65A and 65B show an embodiment of the invention similar to the 

SSemats^w^adepressronSSeformedmthearm^^m^^ " * 
~ tog '° ,h ™ S586ta ^^^582of Hgs. 64A-64B. fcshouUbe 
otedthatru either embodiment, ^^58 8 n Ky beaconunno„s r i m or fl an g eal s „.orU 1 n.v 
comprise one or more individual elements. ^ 

Kgs. 66A-66C show an exemplary device for deploying the anastomotic 
Zr f r ntaPigS ' 64A " 64Ba0iH8S - 65A - ,i5B - ^^^^indesanmner 
606. y,. the distal ends ( s) 588 C tie attachment member 584 is shown atready 
^by^a.vUOThemtermeo^saaft^ismovedinme direcUonsofthelws 
which ces me ramp* surface 608 mereon to abut corresponding ramped surfaces « 0 « 
tbeo»tershaf,606(Fig.66B). Tneramp^ snrfaces causes me arms oftheouter shaft Zl 

member 584 "u^mto me rec^s 586 in Cannula, body 582 of te anastomotic 

Zr 580 ^ 6 ^ ^^^^"^^^^.atedtopositionme 
anvn for removal through the anastomotic component 580 (Fig. 66Q. 

HSS.67A-67C show a magnetic anastomotic component 612 constructed 
-rdtngto anofcer embodimen, of meinv^tion. The component 6,2 mcludes abody 6U 

^a n ^nmg«6andanannula rd e^ion6 1 , K ,67Bshows m eanas to mI 
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Fig. 67C shows the magnetic anastomotic component 612 (with the body 514 
slightly shortened) attached to the side wall of a vessel V. The tissue of the side wall is 
everted over the exterior surface of the body 614 of the component 612 and held as in the 
above embodiment. It should be appreciated that while in the illustrated embodiments the 
5 vessel is everted over the anastomotic component, this aspect of the invention may be 

practiced without everting the vessel, for example, by having the vessel terminate at the end 
of the body 614, or by securing the vessel wall to the inside of the component. 

A number of embodiments of the invention that utilize adhesive to secure one 
or more anastomotic components to a hollow body will now be described. As used herein 
10 "adhesive" refers to any substance that may be used to bond an anastomotic component to a 
hollow body. The adhesive may be self-activating or activated by suitable means, for 
example, heat, light or chemical reaction (e.g., by providing the vessel and component with 
respective substances that are mixed, in an epoxy-like manner). 

Figs. 68A-68B show an anastomotic component 622 positioned against the 
15 exterior of the wall of a vessel V. A device for applying adhesive is schematically illustrated 
• at 624 and is shown placing adhesive 626 between the component 622 and the vessel wall. 
As shown, the anastomotic component 622 has a flange 628 that defines a space configured to 
receive adhesive. Fig. 68B shows an alternative embodiment wherein a magnetic anastomotic 
component 630 includes a sloped surface 632 that defines a space for receiving adhesive 634 
20 , from the device 624. In each case the adhesive serves to bond the magnetic anastomotic 
components 622, 630 to the vessel wall in fluid-tight fashion 

Figs. 69A-69B show an embodiment of the invention including an anastomotic 
component 636 defining an opening 638 and a surface 640 configured to be secured to the 
wall of a vessel V adjacent an opening O in the wall. An intermediate member 642, which 
25 may take the form of a blanket or sheet, is preferably positioned between the anastomotic 
component 636 and the vessel wall. Fig. 69A shows the blanket without an opening formed 
therein, as it may be desirable to first place the blanket and adhesively secure the component 
to the vessel, and then cut an opening through the member 642. An opening in the vessel 
wall may be formed at this time also, if desired. One benefit of this embodiment is that the 
30 intermediate member 642 can be used to carry the adhesive rather than specifically 

configuring the component 636 to carry the adhesive. The teachings of above-mentioned co- 
pending patent application 60/255,635 may be applied to this and other embodiments of the 
invention. It will be appreciated that the component 636, and specifically surface 640, may 
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cany adhesive as well. 

«»• . F * 70shOWSmemtoto ™° f *^ven tt onstaila Itt ,tt lat ofFigs.69A- 
69B m that it uses an intermediate member 544 to 5eOTe a magnetic ana*™™*, 
646tothe W aUofavesselV A s ^h ■ -atomouc component 

„„„,„ ASOTndma P letlcan «™oti< ; component648,whiAha S an 
^ooo,^^^^^.^^^^^ ^ 

64 . As can be seen, the mating surfaces „ f me component 646, 64 8 p™h,« a fluid-tight 

rfr omeia ^ meod652o ' taMarbody65 °™^^^ 

2° f *7~ « -^-ivedin.an opening 654definedby me component 646 

■ CZSTrT"" 46 °"* 4 - M6 - 648 (md te — - 

v and the tubular body 650). 

The anastomotic components 622, 630, 636 and 646 are adhesively secured to 
theex^orof^vesse.wanmmep^ionsemhodhnents. Duting attachment 1 

componentsn.ybeheidmpUcewi^especttethevesseloyanysui^emeans For 
sample ^.ap'-men. member may be mtrodnced tatottl e vesseUumento 

?2»r at t * e outer c "*~ Kg! - 71 a - 7id ^ * — *- ^ 

^^^^^^^ 

component to a vessel. 

More specifically, Fig, 71A shows a magnetic anastomotic component 656 

~on ft eex«oro ft he„anon,esse,V m da p ,acemen,member65U n onl 
o ^opposrtesurfaceofthe vessel wan, A wire G or other „ shnchne ' pro^ 

^^-^andplacernentn^S J 

ft. vessel, *e component 656 may be guided and then secured. (Forsake of example the 
component 656 w* be considered afready aaached to me vesse! as viewed in ^ 
, Hg - 71Bsh0W!theaMste »* component 656 attached to the vessel wall 

::::: b - , * a -*«— ™i 

rn^Z' r7 leib «^*-^«^a tt ewireO. replacement 

^^pulahonorrep^oningmereofdependingonthe re^ves^ 
configm^c«ofn K anas,„m„nccorrrp m e„,656andmember658. 

FOT ^ le ' fte ^« 58 ^^'0^ m meplaneofmedrnwrng 5 heet 
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or additionally, the placement member may be collapsible (either in whole or in part). Fig. 
7 ID shows the magnetic anastomotic component 656 affixed to the wall of vessel V after the 
placement member 658 has been removed. 

Figs. 72A-72F show another embodiment of the invention wherein a magnetic 
anastomotic component is adhesively secured to a vessel. In this embodiment, a component 
660 is secured to a vessel V, and more particularly, to an end 662 of the vessel V. Also, the 
illustrated component 660 is attached to the exterior of the vessel V, although it will be 
appreciated that the invention may be carried out by attaching a component to the interior of 
the vessel. 

Fig. 72A shows the magnetic anastomotic component 660 positioned around 
the wall of the vessel V, while Fig. 72B shows (in phantom) a knife being used to cut the 
irregularly-shaped end of the vessel. Fig. 72C shows an internal support in the form of a 
balloon 664 being inserted into the lumen of vessel V, as well as an adhesive applicator 666 
placing adhesive at the junction between the component 660 and the vessel V . 

Fig. 72D shows the balloon 664 being inflated within the lumen of the vessel 
V. This forces the vessel V against the inner surface of component 660, thereby affixing the 
component to the vessel. The balloon 664 is then removed (Fig. 72E). The end 662, of the 
vessel is trimmed (after placing a mandrel or other internal support-not shown); or, 
alternatively, the end of the vessel may be everted over the component. 

Figs. 73 A-73D show another embodiment of the invention wherein adhesive is 
used to secure a magnetic anastomotic component to a vessel. Unlike the previous 
embodiment, this embodiment secures a magnetic anastomotic component to the side wall of 
a vessel. As shown in Fig. 73A, an internal support in the form of a balloon 670 is inserted 
into the lumen of a vessel V. A knife, punch or other suitable instrument 672 is used to form 
an opening in the vessel side wall. Fig. 73B shows the balloon 670 inflated so as to support 
the wall of the vessel V with a delivery device schematically indicated at 674 supporting a 
magnetic anastomotic component 676. The device 674 is used to deliver the component 676 
into contact with the wall of a vessel V, adhesive 678 having been applied to the vessel wall 
around the opening. The device 674 may protrude through the opening in the vessel wall 
against the balloon 670. Fig. 73D shows the magnetic anastomotic component 676 after it 
has been adhesively secured to the vessel V and aligned with the opening in the wall of the 
vessel. 

Figs. 74A-74D show another embodiment of the invention wherein an internal 
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support member is used to s „pp„ rt . vessel whJ)e a ^ fc 

affixed ,o the vessel wajl. fig. 74A shows a device 680 with an expandable or inflatable 
structure, such as balloon 682, *a« is passed tough an op^g foimd ^ fte ^ ^ ^ 
portioned in uk lumen of a vessel V. Hg. 74B shows a magnetic anastomotic component 

684being sMoV e rth edevic,6 8 0m,„con M w i tt la d h esive686dis P osed„n ai «ves S ,,wall 
aroundthedevice680. Hg. 74C shows the internal support structure 68 2 in a collapsed 
oneutauon as it is being removed tough the vessel wall and the magnetic anastomotic 
component 684. Eg. 74D shows the magnetic anastomotic component 684 adhesively 

secured to the vessel. 

» ^^-^^^^ahowanoaeremb^tofthemvenaon 
Hgs. 75A and 76A show a vessel V with a partial!, eluded lumen and an totnuuminal 

acrosstheblc^ageinthevesse!. Pigs. 75B-76B show me placanen, member 690 in an 
expa.dedsu^incomactwimth.m.enorofftewaUofftevesse.V. Fig, 75C-76C show 

adhestve 686 having been appiied to me vesse. V (Figs. 75B. 76B). to mis embodiment the 
placemen,member690usesmagneticamaction topr o P erlypositi m ti 1 eana S to M ic 

magnetic attraction. 

H will be noted that while adhesive is used to bond the illustrated magnetic 
"*< „ . VKM1 ^ alteniative.or additional means may *so be used ,„ 

25 secure the component and vessel. 

thewa,, bF ^ 75Ca ° d76Cthe,Mg " elica » MI ' m °»^n-Pon«,694i S secured,o 
Kes 75D T,T V ^ «- ~- *— • 

^ofm«a n ast„ mM ic« J mponen,694ha 5 been K moved. As a result opening 698 in me 
~ 6M — -^umeno»d,evesse,V. Fig^isaperspelview 

Tnmmg now to Kgs. 78A-78C, yet another embodiment of the invention that 
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uses adhesive to form an anastomosis between two vessels will be described. This 
embodiment uses magnetic attraction to hold vessels in a desired relative position while 
adhesive is used to form an anastomosis between the vessels. The illustrated embodiment 
forms a side-to-side anastomosis, however, it will be appreciated that this aspect of the 
invention may be used to form other types of anastomoses. Fig. 78A shows a first magnetic 
component 700 supported by a shaft 702 that runs through the lumen of a first vessel 704. A 
second magnetic component 706 is supported by a shaft 608 that extends through Ihe lumen 
of a second vessel 710. As shown in the figures, the magnetic attraction between the 
components 700, 706 compresses the side walls of the vessels 704, 710 together. 

Fig. 78B shows the components holding the walls in place while a cutting 
device 772 is introduced through the lumen of one of the vessels (in the figures, first vessel 
704). The cutting device 712, which preferably has a seal 714 around its exterior, is sized to 
cooperate with the magnetic components 700, 706 to remove a desired amount of tissue T 
located between the components without damaging vessels walls or the components. Fig. 
78C shows the anastomosis after the cutting device has formed an opening so that first and 
second vessels 704, 710 communicate with each other. Adhesive 716 (or other securing 
means) is applied around the periphery of the anastomosis to hold the vessels 704, 710 
together. Fig. 78C shows the anastomosis after the magnetic components 700, 706 have been 
removed (after the adhesive 616 has cured or set sufficiently). 

Figs. 79A-79C illustrate first and second vessels 720, 722, respectively 
provided with magnetic anastomotic components 724, 726. Fig. 79B shows the vessels 
joined magnetically to form a side-to-side anastomosis, with blood leaking from the 
anastomosis, as indicated by 728. Fig. 79C illustrates an attempt to separate the magnetically 
attracted components 724, 726 in order to repair the leak 728. The magnetic force holding 
the components 724, 726 together is greater than the force that attaches component 726 to 
vessel 722. As a result, the component 726 remains magnetically coupled to the component 
724 and separates from the vessel 722. Consequently, in view of the problems that may be 
associated with decoupling a magnetic anastomosis, it may be beneficial to determine the 
presence of any leaks between an anastomotic component and a vessel prior to completing the 
30 magnetic anastomosis. 

Figs. 80A-80C show a first embodiment of a device for checking the seal at an 
anastomotic junction. Designated generally by the reference numeral 730, the device includes 
a shaft 732 supporting a magnetic member. 734. An expandable structure 736 is disposed 
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between the shaft 732 and the member 734 A v ' u 
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invention will apply to any anastomotic connection in which the coupling force between two 
components (once the anastomosis is completed) is or may be greater than the force attaching 
one of the components to a vessel, irrespective of whether the coupling and attachment forces 
are magnetic, mechanical, adhesive, etc. 
5 Figs. 83A-83B and Figs. 84A-84B show a device which, among other 

functions, determines whether a magnetic anastomotic component is properly oriented prior 
to its use during a medical procedure. The illustrated device 770 comprises a fixture that 
slidably receives a delivery device 772 loaded with one or more magnetic anastomotic 
components 774, 776. The device 770 is preferably configured so that the delivery device 
10 772 can be slid therein in the direction of the arrows to position the magnetic anastomotic 
components 774, 776 in proximity to one or more magnetized ledges 778, 780, 782. 

The polarity of magnetized ledge 778 is selected so that the magnetic 
anastomotic component 774, when properly oriented, will remain in the lower position shown 
in Figs. 83A-83B. When the anastomotic component 774 is incorrectly positioned, as shown 
15 in Figs. 84A-84B, it is repelled upward by the magnetized ledge 778, forcing the component 
774 against the second ledge 780 (which may or may not be magnetized). This is also true for 
a second magnetic anastomotic component 776 supported on an upper portion of the delivery 
device 772. Consequently, if the delivery device 772 is positioned on the fixture 770 with 
either anastomotic component incorrectly oriented, the component(s) will be moved so as to 
20 alert the user that the device needs to be adjusted. . 

In addition to ensuring proper loading of the anastomotic components, the 
device 770 also may be used as a loading tool that supports the delivery device 772 while one 
or more anastomotic components are loaded onto it. Finally, once the delivery device 772 has 
been loaded the device 770 may be used'for storing and transporting it to the end user. 
25 ' Fig. 85A is a sectional view of a magnetic anastomotic component 780 

constructed according to another embodiment of the invention. The component 780 includes 
two portions 782, 784 that sandwich the end of a hollow body, such as blood vessel V, such 
, that the vessel extends from the component at an angle 9. The illustrated angle is 
approximately 30 °, although other angles may be used. The angle is preferably equal to or 
30 less than about 60°, and preferably equal to or less than about 45°. This directs flow more 
along the axis of the vessel lumen which may be desirable in some cases. 

Fig. 85B is a sectional view of an anastomosis formed between the vessel V 
with magnetic anastomotic component 780 and a second anastomotic component 786 that is 
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1 1. A method for securing a magnetic anastomotic component to a hollow 

2 body, the method comprising the steps of: 

3 providing an anastomotic component capable of producing or being attracted 

4 by a magnetic field, the component having an opening adapted to be placed in communication 

5 with a lumen of a hollow body; 

6 positioning a placement member in a first configuration within a lumen of a 

7 hollow body at a selected location, the placement member being capable of producing or 

8 being attracted by a magnetic field; 

9 using magnetic attraction between the anastomotic component and the 

10 placement member to position the component at a selected location; 

1 1 securing the anastomotic component to the hollow body; and 

12 changing^the placement member from the first configuration to a second 

13 configuration; and 

14 removing the placement member from the lumen of the hollow body. 

1 2. The method of claim 1 , wherein the hollow body is a blood vessel and 

2 adhesive is used to secure the component to the wall of the hollow body. 

1 3. The method of claim 2, wherein adhesive is used to secure the 

2 component to the end of the hollow body. 

1 4. The method of claim 1 , wherein the first configuration is expanded and 

2 the second configuration is collapsed. 

1 5 . The method of claim 4, wherein the first configuration is inflated with 

2 fluid. 

1 6 . The method of claim 5, wherein the first configuration is inflated with 

2 a magnetic fluid. 

1 7. The method of claim. 1, wherein the first configuration corresponds to a 

• 2 first orientation, and the second configuration corresponds to a second orientation that the 

3 placement member is moved to from the first orientation. 
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2 tosecureth ^ ^ meth ° d0f d * n9 - attachment members arc deformed 

2 to secure the component to the hollow body. 

11. ^^thodofclaimlO.whereintheattachmentmembersar, 
superego and return to aliased state to attach the component a, d the blood vessel. 

withma ti n gre ™ 

ng recesses m the anastomotic component to provide a generally flat surface for 
couphng to another anastomotic component 
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8 using the adhesive to secure the anastomotic component to the hollow body 

9 adjacent the end of the hollow body. 

1 16. The method of claim 15, wherein the adhesive is applied to the 

2 anastomotic component. 

1 17. The method claim 15, wherein a first part of the adhesive is applied to 

2 the anastomotic component and a second part of the adhesive is applied to the hollow body, 

3 wherein the first and second parts are mixed to bond the component and vessel. 

1 18. A method for securing a magnetic anastomotic component to an end of 

2 a hollow body having a lumen, the method comprising the steps of: 

3 providing an anastomotic component including first and second portions, at 

4 least one of the first and second portions being capable of producing or being attracted by a 

5 magnetic field; 

6 positioning the first portion of the anastomotic component within a lumen of a 

7 hollow body; 

8 positioning the second portion of the anastomotic component at least partially 

9 around the exterior of the hollow body; and 

10 allowing the first and second portions to compress the tissue of the hollow 

1 1 body to secure the anastomotic component to the hollow body. 

1 19. The method of claim 18, wherein the second portion of the anastomotic 

2 component is at least partially elastic to compress the tissue. 

l 20. The method of claim 18, wherein the hollow body is a blood vessel, 

1 21 . A method for checking a seal between an anastomotic component and a 

2 blood vessel to which the anastomotic component is secured, the method comprising steps of: 

3 providing an anastomotic component capable of producing or being attracted 

4 by a magnetic field, the anastomotic component having an opening; 

5 attaching the anastomotic component to a blood vessel having a lumen so as to 

6 place the opening in the anastomotic component in fluid communication with the lumen of 

7 the blood vessel; 

8 using a cover to block the opening in the anastomotic component, the cover 
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1 . 29. The method of claim 28, wherein the fixture has multiple magnetized 

2 portions. 

1 30. The method of claim 25, wherein the fixture and delivery device have 

2 complimentary configurations to allow the delivery device to be placed on or removed from 

3 the fixture independently of the anastomotic component. 

1 3 1 . A magnetic anastomotic component comprising: 

2 a first portion having an opening adapted to be placed in communication with 

3 a lumen of a hollow body when the component is attached thereto; and 

4 a second portion attached to the first portion and including an expandable 

5 tubular body configured to be attached to an end of the hollow body; 

6 wherein the first and second portions are disposed generally transverse to each 

7 other; and 

8 at least one of the first and second portions is capable of producing or being 

9 attracted by a magnetic field. 

1 32 . The component of claim 3 1 , wherein the first and second portions are 

2 disposed generally perpendicularly to each other. 

1 33. The component of claim 3 1 , wherein the first portion is generally 

2 planar and is disposed at an end of the second portion. 

1 34. The component of claim 33, wherein the tubular body of the second 

2 portion is superelastic and constrained in a first configuration and released to assume a 

3 second configuration. 

1 35. The component of claim 34, wherein the tubular body comprises a 

2 stent. 

1 36. The component of claim 3 1 , wherein at least one of the first and second 

2 portions has openings to promote tissue ingrowth and allow expansion of the portion. 

1 37 . The component of claim 3 1 , wherein the second portion is configured 

2 to be secured to a synthetic or natural blood vessel. 
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> component of claim 38, wherein the attachment structure 
compnses mating projections and recesses on the first and second portions. 
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1 48. A device for checking the seal between an anastomotic component and 

2 a hollow body to which the component is secured, the device comprising: 

3 an expandable structure with a substantially fluid-impervious surface; and 

4 material capable of producing or being attracted by a magnetic field; 

5 wherein the expandable structure is magnetically attracted to a magnetic or 

6 ferromagnetic anastomotic component secured to a hollow body so that the fluid-impervious 

7 surface may be placed over the component to block flow, and wherein the expandable 

8 structure is expanded to break the magnetic attraction between the material and the 

9 component. 

1 49. The device of claim 48, wherein the expandable structure is a balloon 

2 that is inflated to separate the fluid-impervious surface from the anastomotic component. 

1 50. The device of claim 49, wherein the material is a permanent magnet 

2 disposed inside the balloon. 

1 51. The device of claim 48, wherein the material is a permanent magnet 

2 with two polarities disposed adjacent two fluid-impervious surfaces to allow use of the device 

3 on anastomotic components having different magnetic polarities. 
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